The runt box (runx) is a highly conserved DNA binding and protein-protein interaction domain that defines a family of heterodimeric transcription factors that regulate development in metazoans. The three mammalian runx genes are oncogenes with essential functions in normal development: Runx1 is required for hematopoiesis and is frequently mutated in human and murine leukemias; Runx2 is required for bone development and is associated with human cleidocranial dysplasia and murine leukemias; and Runx3 (the evolutionarily basal member of the mammalian family) regulates growth of the gut and functions as a tumor suppressor in the gastric epithelium (Westendorf and Hiebert, 1999; Li et al., 2002) . The sea urchin Strongylocentrotus purpuratus contains a single runx gene, SpRunt. We present here the initial structural characterization of SpRunt, and its pattern of expression during embryogenesis. SpRunt contains two introns, the locations of which are identical to those of the second and third introns from promoter P2 of the mammalian runx genes. A ,6 kb transcript begins to accumulate during cleavage. At mesenchyme blastula stage, SpRunt transcripts are found throughout the embryo, but specifically enriched in the vegetal plate, skeletogenic mesenchyme, and part of the ectoderm. By late gastrula stage expression is localized to the endomesoderm and oral ectoderm. In the pluteus larva SpRunt transcripts remain confined to the endomesoderm and oral ectoderm, with highest levels of accumulation in the foregut and in the ciliary band. These data suggest that SpRunt expression is enhanced in proliferating cells. q
Results and discussion

SpRunt gene structure
A probe encompassing the runt domain-containing region (nucleotides 282-1261) of the previously cloned SpRunt-1 cDNA was used to screen a small insert BAC library representing ,2 genome equivalents. Two clones were recovered. Initial sequence analyses indicated that both of these clones are derived from the same gene. One of the clones was analyzed further, and found to contain the entire sequence of the SpRunt-1 cDNA, as well as additional 5 0 and 3 0 flanking sequence and two introns of approximately 10 and 5 kb (for introns 1 and 2, respectively). Fig. 1 shows the major features of SpRunt gene structure as deduced from analysis of the insert from this BAC clone. Notably, the positions of the two introns are identical to those of the second and third introns from the proximal promoter (P2) of the vertebrate runx genes Levanon et al., 2001) . A diagnostic digest of the two SpRunt BAC clones revealed the presence of an EcoRI site in the second of the two introns (data not shown). Since this would simply account for all of bands detected on our previously reported Southern blot , and since two isolates of a single gene were obtained from a screen of two genome equivalents, it is probable that SpRunt is the only runt domain-containing gene in the genome of Strongylocentrotus purpuratus.
SpRunt expression during embryogenesis
Previous analysis by RNA probe excess titration indicated that SpRunt transcripts accumulate to a low steady state level (,10 3 molecules/embryo) during mid to late cleavage, and then rapidly increase to a higher steadystate level (,10 4 molecules/embryo) by mesenchyme blastula stage . In order to further define the temporal accumulation of SpRunt mRNA, we performed RNA blot analysis on embryos beginning at early blastula stage up through hatched blastula. As shown in Fig. 2 , SpRunt is expressed as a transcript of ,6 kb, which accumulates about tenfold between 11 and 17 h post-fertilization.
Whole-mount in situ hybridization (WMISH) was used to define the spatial expression pattern of SpRunt (Fig. 3) . In the cleavage and early blastula stages the level of expression is too low to detect above background (not shown). By mesenchyme blastula stage (24 h) a specific signal is detectable throughout the embryo, but significantly enhanced in the vegetal plate and skeletogenic mesenchyme (Fig. 3A) . By late gastrula stage (48 h), SpRunt transcripts are localized to the endomesoderm and oral ectoderm (Fig. 3B ). By pluteus stage (96 h), SpRunt transcripts remain confined to the endomesoderm and oral ectoderm, with the highest levels detectable in the foregut region of the endomesoderm and in the ciliary band ectoderm associated with the growing arm buds, wherein cells continue to proliferate (Fig. 3C) . It thus appears that during embryogenesis, SpRunt expression is isomorphic with the pattern of cell proliferation. In addition, the expression of SpRunt in the gut and its progenitors is consistent with recent suggestions that an evolutionarily primitive function of runt domain proteins is to regulate gut development (Nam et al., 2002; Li et al., 2002) .
Since SpRunt was initially discovered by virtue of its function as an activator of CyIIIa during differentiation of aboral ectoderm, it is at first glance surprising that its mRNA is not expressed, or expressed at very low levels, in the aboral ectoderm during terminal differentiation of this territory in the late gastrula stage embryo. This is explained by considering that (1) SpRunt protein is present in unfertilized eggs and unpublished results), (2) SpRunt transcripts appear to be globally expressed in the blastula stage embryo, albeit at lower levels in the presumptive ectoderm than in the presumptive endomesoderm (Fig.  3A) , and (3) cells in the aboral ectoderm are among the first to stop proliferating and enter terminal differentiation. It is thus likely that a combination of maternally supplied SpRunt protein and zygotic protein translated from the early, globally expressed mRNA is sufficient to activate transcription of CyIIIa, and possibly transcription of other aboral ectoderm-specific genes as well. A similar situation has been described for the sea urchin transcription factor SpOtx, which is globally distributed early and serves to activate the aboral ectoderm-specific Spec2A gene, but which is primarily expressed in the oral ectoderm and endomesoderm during later embryogenesis (Li et al., 1997) . In fact, this pattern of expression (global early followed by oral ectoderm plus endomesoderm late), which correlates with the pattern of cell proliferation, is the most common gene expression pattern observed in sea urchin embryogenesis (Kingsley et al., 1993) , and for example is also displayed by the transcription factor SpMyb, which functions to repress SpRunt-mediated activation of CyIIIa in the oral ectoderm and endomesoderm (Coffman et al., 1997) .
Materials and Methods
Animals
Adult Strongylocentrotus purpuratus were obtained from Marinus Inc. (Long Beach, CA). Gametes collection and embryo culture were carried out as previously described (Leahy, 1986) .
Isolation and characterization of SpRunt BAC clones
A 1 kb XhoI-BamHI fragment of the SpRunt-1 cDNA was used to screen an arrayed BAC genomic library containing an average insert size of 50 kb on two nylon Fig. 1 . The structure of SpRunt, as deduced from sequence analysis of a ,20 kb BAC insert that contains the entire 2.6 kb sequence of the previously cloned SpRunt-1 cDNA (depicted as boxes; Coffman et al., 1996) . White boxes represent untranslated exon sequence and black boxes represent coding exon sequence. The jagged line at the end of the 3 0 UTR denotes the fact that the .3 kb of 3'UTR remains to be cloned as cDNA and sequenced. The runt domain, which is interrupted in the genomic clone by intron 1, is bracketed. The sequences of the intron ends are shown underneath the lines representing introns 1 and 2, and the positions of the splice sites are indicated below within the SpRunt-1 coding sequence. membranes at a density of , 1:8 £ 10 4 clones per membrane, following the protocol provided by the Sea Urchin Genome Resource at Caltech (http://sugp.caltech.edu/). Two positive clones were obtained, and DNA from one of the clones was used to construct four libraries using the Universal GenomeWalker kit (Clontech). These libraries were used as template in the polymerase chain reaction (PCR) with a set of SpRunt gene-specific primers in combination with the GenomeWalker AP-1 primer. PCR products were gel-purified and TA cloned into pGEM-T Easy (Promega) prior to sequencing.
RNA blots
An amount of 7.5 mg total RNA extracted from staged embryos was run on a formaldehyde/agarose gel and blotted onto nylon. The RNA blot was hybridized at high stringency with a digoxygenin-UTP-labeled antisense riboprobe prepared using the Runt domain-containing region of the cDNA as a template. Probe labeling, hybridization and detection were performed with Roche Applied Science reagents following the manufacturer's protocol.
Whole-mount in situ hybridization (WMISH)
WMISH was carried out as previously described (Cameron et al., 1996) , using the same probe as used for RNA blots. Digital images were acquired on a Zeiss Axioplan microscope using DIC optics. 
